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GROUND-TO-GROUND ROCKETS FOR LARGE AREA (4 CUVERAGE (U)

ABSTRACT

Task X is a study of the coverage of areas by liqu:id drops ejectad
from a rocket during itc terminal fligat. The methods for computing area
covered by a rocket or ghcll using the base ejection system and an ideal
spray system are developed. The area contaminated by single rockets is
computed. Groundcontaminations to be -expected are computed for 2 family
of rockets with 16,000 meters maximum range and various diameters, in-

cluding 4-inch through 8-inch diameter rockets. Ejection mcchanisms are
discussed.
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ANALYSIS OF SELECTED DISSEMINATION AND DESIGN PROBLEMS (U)
Final Report On Task X

GROUND -TO-GROUND ROCKETS FOR LARGE AREA CW COVERAGE (U)
I. INTRODUCTION

This tasx was assigned at the Steering Committee Meeting held at Army
Chemical Center on 26 September 1956. Task X was defined as follows:*

"This is a newly assigned task requiring that a study be conducted to
determine anc propose design criteriz for rocket systems to disseminate
low volatile liquids as droplets (> 3 mg) for direct attack of personnel as well
as for ground contamination.

"This study should be conducted by examining the relationship of vari-
ables such as altitude of release of liquid, method of release of liquid (empha-
sis should be placed cmi base ejection type), velocity of rocket, physical char-
acteristics of iiquid, droplet size, met conditions, ground contamination den-
sity, and area coverage. Advantage will be taken of field test data obtained
by the British in their work on the 25 pounder base ejection shell.

"It is required that the contractor propose design criteria for this
system including size, capacity, altitude of release, burster mechanism, rate
of fire, aiming error, etc."

Some of the requirements included in this statement of task impose
limitations on the investigation of a rocket weapon which appear to be un-
necessarily restrictive., It is difficult to control the ejection of a liquid so
large droplets are formed. The procuction of a particle size distribution
which will include very small particles is inherent in the processes of shat-
tering a liquid mass into particles., All the liquid that reachcs the target
contributes to the effective contamination. A particle size distribution
matched to the operating conditions of the munition should be select-
ed to obtain the desired contamination density atground level. So,
the validity of a requirement for droplets larger than thrce milligrams was
questioned soon after the work started. At a Steering Committee Meeting

*Chemical Corps Research and Development Command, Chemical
Warfare Laboratories, Army Chemical Center, Maryland, Reference No.
CMLRD-CW-R(WR)DA 18-108-CML-5507, 17 October 1956,
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on 12 April 1957, the requirement for droplets larger than three milligrams
was removed. It was agreed that the entire particle size distribution reach-
ing the ground would be studied, and while large drops are desired, the size
distribution should be fitted to the conditions of the problem within the limits
permitted by practical considerations. It was specified that ground con-
tamination densities from 0.1 g/mz to 1.0 g/mZ are of intercst.

The base ejection system used in the British 25 pounder shell,

BE. MK. 8, is simple, but it does not produce a desirable ground contamina-
tion pattern. The agent is ejecied in a very short period of time and falls

on a long narrow area in the directiun of the wind. This distribution does

not permit efficient juxtapnsition of contaminated areas when many rockets
are directed at the target. The distribution of agent may be improved by
progressively ejecting the agent over a Jonger period of time during the ter-
minal flight of the rocket, Therefore, it was agreed that any practical method
for discharging the agent to disseminate large drops should be considered.
The directive to emphasize base ejection systems was removed.

The general problem of distributing agent from free ballistic artillery
rockets is investigated, This weapon system is to disperse agent over a
large area by ejecting liquid at a height above the ground from each rocket.
Neither the rockets nor the mechanisms for ejecting the liquid agent exist.
Technical problems connected with the design of new rocket weapons are
studied from a theoretical standpoint. Design and development experiernce
is used wherever knowledge gained from previous work is applicable. The
results presented are an engineering estimate to be used in further engineer-
ing study as a starting place for design work rather than design criteria.

The performance specifications and military characteristics of a
weapon are functions of the target to be defeated and the operational condi-
tions in which the weapon may be used. In this study we consider cnly those
physical factors which limit the selection of performance specifications.

The study of military situations and the evaluation of military worth of rocket
weapons is not part of this task. Military employment of the weapons is con-
sidered only to the extent required for the formation of intuitive engineering
judgments. The work of this task indicates the performance to be expected
from various sizes of fin-stabilized, unguided rockets. This information is

ARMOUR RESEARCH FOUNDATION OF 1LLINOIS INSTITUTF OF TECHNOLOGY
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useful for starting an operational evaluation to determine optimum charac-

teristics for this type of weapon, or for beginning a design study when
military requirements are specified.
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II. GENERAL DISCUSSION

The rocket weapons are to achieve rapid contamination of large areas.
They are to fill a gap in the array of chemical weapons by providing the great
fircpower necessary to defeat large area targets of opportunity. They are
not expected to have the precision of artillery, nor are they to replace
mortars and other organic weapons suitablc for smaller targets at shorter
ranges. The light weight and high rates of fire possible with rocket launchers
make the attack of large areas by small mobile units feasible.

The shape and size of the area to be contaminated is one of the most
important factors influencing the seisction of an area coverage weapons
syrtem. The area coverage weapons would probably be assigned at the divi-
sional level, and used in the support of combat groups. This and other fac-
tors involved in Task X led to the selection of the area that one battalion
may occupy as suitable for the study. Operations research studies and com-
bat problems indicate that a battalion size organization may be dispersed
over an area of three million square meters. The exact size and shape of
this area is governed by‘ mission, terrain, progress of battle, command
decisions, communications facilities, weather, and chance. It is impossible
to select one simple target model that adequately describes the variety of
expected field situations. However, the study of methods for contaminating
an area of 3 X 106 mZ yields information that may be extrapolated or inter-
polated to fit other situations.

It is expected that the dispostion of troops within a target area will
be'unique for each situaticn, and there will be great variations in density
ot men and materiel within the target. For this work ii is assumed that a
uniform density of contamination over the avea is desired. It is assumed
that equal fractions of the target area are of equal importance. A considera-
tion of accuracy of intelligence, speed of communications, delays between
command and execution, mobility of the enemy and possible variaticns in
deployment of the enemy tends to justify these assumptions. Degrees of
protection and evasive actions possible to the enemy are not considered.
Contamination density is the only criteria for terminal effects on the target.

A typical target may be troops deployed along a v0ad or river bank.
The meandering of the terrain feature would depend on the terrain itself.

ARMOUR RESCARCH FOUNDATION OF I1LLINOIS INSTITUTE OF TECHNOLOGY

CONFIDENTIAL ” ARF Project D113

Task X Report



CONFIDENTIAL

This would normally be far from a straight line. However, personnel of

300 meters wide and 10, 000 meters long as a convenient representation of
a typical target expected to occur t‘requehtly in future combat. Fitting this
general configuration tv maps of western Europe indicated that the rocket
weapons should have a reasonably long range as well as tactical mobility
to provide ﬂe;dbility in use.

Maximam range strongly influe.ces both the cost and value of the
weapons system. This is an important parameter of weapons evaluation
studies. Maximum range not only dictates what targets may be engaged,
but also strongly influences the number of units required to accomplish a
specific mission. This study did not attempt to balance cost, weight, mobility,
men, etc. against maximum range. A very cursory examination indicated
that a rocket weapon having maximum range of 16,000 meters would have
adequate flexibility to engage battalion size targets.

ARMOUR RESEARCH FOUNDATION OF I1LLINOIS INSTITUTE OF TECHNOLOGY

m““. -5- ARF Project D113

Task X Report



CONFIDENTIAL

III. ROCKET DESIGN

The design of the rocket is intimately related to the method of ejecting
the agent at the target and the resulting ground contamination achievéd. The
angle of fall and velocity of the rocket during the period of ejection of the agent
are important to the determination of the ejection system, fuze functioning,
particle size distribution, and ground contamination pattern. The agent and
ejection mechanism are the payload that the rocket must carry. Thus a feed-
back of information was requircd between the activities of this task. Rocket
design computation were conducted throughout the duration of the task.

Fin-stabilized rockets without boost were selected for this study. These
are to be launched from simple rail-type launchers. The launching rails are
twice the length of the rockets. Steel having 100,000 psi yield strength were
selocted for head and motor components (except ejection piston), Aluminum
having 70, 000 psi yield strength was selected for the fin and fairing assembly.
The interior motor wall and bulkhead are ceramic-coated to a thickness of
0.03 inches. The nozzle is steel with a ceramic insert. Six fixed fins having
an envelope diameter twice the motor diameter are used in all rocket compu-
tations. ;

The equations of motion were solved step by step over equal increments
of time to yield trajectory information. The first computations were based on
‘a minimum drag shape. The low drag shape resulted in high velocities of ap-
proach to the ground, which complicated the ejection problems. Furthermore,
this head shape was not convenient for an ejection mechanism. Therefore a
shape similar to the 2, 75-inch FFAR was chosen, and drag data for the FFAR
were used in the rocket computations.

Table 1 is comparison of 4-1/2-inch rockets. The agent weight is held
constant while all other quant._ties reflect the change in range from 16,000
meters to 12,000 meters, Table 2 compares a family of rockets designed for
16,000 meter maximum range.

Variable time fuzes were selected for initiating the ejection mecha-
nisms. The setting of time fuzes introduces complexity to the system and

“additional sources of error, The time of flight to short rahge. is dependent
upon ambient temperature. While fuzes may be compensated for, tempera-
ture or the settings may be corrected for temperature. This introduces fuzing
complexities yreater than those reculting from the use of variable time fuzes.
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Table 1

COMPARISON OF 4-1/2-INCH ROCKETS

e ]

Maximum Range, ft 52,500 39,400
Agent Weight, lbs 6.8 6.8
Total Weight, lbs 85.0 64.0
Lengtt:, in. 90.0 72.0
Burat Weight, lbs 51.0 43.6
Propellant Weight, 1lbs 34,0 21.0
Burning Time, sec 5.0 2.5
Thrust, lbs 1, 360 1760.0
Nozzle Weight, lbs 3.3 3.0
Fins and Fairing, lbs 2.8 3.1
Fuze, lbs 2.5 2.5
Ejection System, lbs 2.8 ' 2.6
Table 2
FAMILY OF ROCKETS
b
Diameter, in. 4 4-1/2 5 6 7 8
Total Weight, lbs 68 85 112 172 247 345
Agent Weight, lbs 3,52 6.8 11.0 25.7 54.3 103.4
Length, in, 87 90 96 101 109 117
Burnt Weight, lbs 38.2 51. 70.8 116.7 175.2 255
Propellant Weight,
1bs 29.8 34.0 41,2 55.3 71.8 90.0
Thrust, lbs 1192 1360 1648 2212 2872 3600
Maximum Range = 52,500 ft
Burning Time =5 sec
ARMOUR NESEARCKH FOUNDATION OF tLLINOIS INSTITUTE OF TYECKHNOLOGY
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1v, ROCKE T LAUNCHERS

The ratio of agent to total weight of rocket is more attractive for the N
heavier rockets than the small ones. Comparison of area coverage per
rocket makes the larger sizes even more attractive. Therefore, primary
consideration was given to a launcher for the 8-inch rockets. A launcher
loaded with sevan 8-inch rockets may be carried on, and fired from a
standard 2-1/2-“on truck, Power for elevating and traversing the launcher
may be taken from the truck engine.

The completely loaded 8-inch rocket launcher would weight less than
5,000 pounds. Hand elevating and travcrsing mechanism could be supplied
for emeargency use. The total crew could consist of the driver and two men.
The total time for preparation to fire should take less than ten minutes. The
rockets could be fired alternately at one-second intervals, or time could be
taken to reset to a different aiming point for each rocket. If this system
were used, 11 rocket-launching vehicles could contaminate the area occupied
hv one or more enemy battalions. .

Pireliminary computations indicate that 25 of the 4-1/2-inch rockets
could be fired from a launcher mounted on a standard 2-1/2-ton truck.

This offers the advantage that the rockets could be loaded onto the launchers
by manpower. However 40 trucks would be required to accomplish the mis-
sion of 11 trucks loaded with 8-inch rockets.
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V. GROUND COVERAGE BY A SINGLE ROCKET

A. General Consideration

In the British 25 pounder, the agent is ejected almost instantaneously
by a propellant charge. The agent then falls on the ground to cover a long
and narrow area in the direction of the wind.1 The shape of this area cannot
be controlled either to fit the target or to insure efficient juxtaposition when
many rockets are directed at the target. Furthermore, the ground density
within the contaminated area is highly variable. Some points on the ground
receive considerably more agent than resquired, extensive areas receive too
litv’e.

The ground distribution can be considerably improved, with respect
both to its uniformity and to the shape of ite boundaries, by ejecting the ageni
for a finite time during the terminal flight of the rocket. The next section de-

fines the characteristics of such an ideal system.

n. Arca Contaminated by a Single Rocket

Consider a rocket falling to the grouad along path AB (Fig. 1) making
an angle 0 with the horizontal plane. Let the wind direction conincide with
X-axis and let ¢ be the angle between the wind direction and the plane of the
trajectory.

The agent is first ejected at A, altitude H. The largest drops hit
the ground at M; the smallest, at N. The ejection ceases at B. Again, the
largest drops hit at P the smaliest, at Q.

Since altitude H is small, the atmosphere between ¥ and the ground
may be considered as homogeneous. Since the size of the droplets is small,
we shall assume that the drops reach their terminal velocity immediately
after being released.

The terminal velocity, v of small diameter (d < 500444 droplets in,

say, ICAN atmospheres is accurately representodz by:

v = 3780 d

lPr:orton Techﬁical Paper No. 548.
zBest. A.C. Quarterly J. Meteorological Society, p. 76, 302, 1950.
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Z Rltitudes

I(1-cin Q)

Projection
of flight path

Fig. | GROUND CONTAMINATION
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and the drift from ground zero, by:

x = - VH
3780d

where H = altitude of ejection

W = wind velocity

d = drop diameter.

The contaminated area MNPQ is trapezoidal in shape since the dis-
tance MN decreas2s with H.l

The height of trapezoid MNPQ in Fig. 1 is

w = AB cos 0 sin o (3)

It Q is the quantity of agent contained in the rocket; R, the rate (as-
sumed to be constant for the moment) at which the agent is ejected and v,
the velocity of the rockets:

Thivg:
w=-v€- cos 0 sin @ (5)

This equation gives the width (crosswind) of the contaminated area.

All the drops ejected from the rocket fall inside the trapezoidal area
MNPQ Fig. 1l on the ground. However, the degree of contamination within
this area is far from being uniform and the boundaries of the area subjected
to a given dosage is irregular.

The contamination density in a downwind direction, say along MN, de-
gcnda o the mass distribution of the drops ejected from the rocket. If, for
instance, the mass distribution is uniform, as shown diagrammatically in
Fig. 2a, the density o decreases sharply with increasing distances from
ground zero

dm _3dm 84 _ k
EEa LI (6)

To obtain a uniform ground density, the mass distribution would have
to obey

Q=

;m=:;-‘z 54 (7)

1Etfects due to diffusion are neglectec for the moment.
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ac indicated in Fig. 2b. In other words, it would have to contain many drops
of small diamcter, few of large ones.

The actual mass distribution produced by the ejection system is not
known accurately. Data from a Porton papex-l indicates that the distribution

may be fitted by a normal logarithmic distribution:

- 2 :
S = ——— exp - —.‘-—T___ a(log d/d ) (8)
™ Yemo ° :

20
where ¢ =0.40 and d, is the diameter corresponding to the peak of the
distribution (do = 1404). Taking Eq. ¢ into consideration, this expression

may be rewritten: 2
(log x/xo) s ; 9
- og x/x ) (

dm __ _1 exp -

m V-Z-;v' a Zc.-z
The density £ in the wind direction is therefore
sm _ _(log x/xo)z

m
= = - exp ————— —

(10)

with

Plots of & for various Xo. that is, as a function of H are found to
be almost identical with the experimental ground coverages presented in
Fig. 14 of the Porton paper. A typical ground coverage from Eq. 10 is re-
produced in Fig. Z¢c. The curve has a peak at low values of X, indicating
that the mass distribution, Eq. 8, contains too litile of the small and large
droplets and too much of the medium ones. Such a distribution is clearly
inefficient since some areas on the ground reccive {oo high a dosage while
others receive too little. These deviations from the theoretical mass dis-
tribution of Fig. Zb are indicated by the cross hatchcd areas on Fig. 2¢c. In
the typical distribution reported in the Porton paper, as much as 75 per cent
of the agent is wasted by improper distribution of the drop diameters.

In the following, we shall consider, in turn, the ground contamination
produced by two systems of progressive ejection: .

a. a system giving a logarithmic mass distribution of drops,
as in the Dritish 25 pounder.

b. a system giving the ideal mass distribution:

1li'cn'ttm Technical paper No. 548, Fig. 3, p. 19.
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The first system is an adaptation of the British base ejection syaterﬁ. Pos-
sible means of realizing this adaptation are presented in discussion of practi-
cal systems. The secondsystem is purely speculative. The possibility of
realizing it is remote. However, an intermediate system, better than the
British one, may probably be developed after experimental information be-
comes available. Comparison of the performance of the two systems dis-
cussed here will indicate the lower and upper limits to be expected in the
ground-to-ground coverage by rockets.

C. Coutamination from a Logarithmic Mass Distribution System

l. Ground Coverage

The ground coverage obtained when the agent is progressively ejected
from the falling rocket may be visualized by a three-dimentional surface such
as that sketched in Fig. 3. This surface is given by Eq. 10 when both X and
H (through x°,~in expression 2} are varied. The area within which the den-
sity is equal to or exceeds a predetermined value A, is represented by the
boundary ABCDE, i.e., the intersection of the three-dimensional surface by
a plane of coordinate & . Area ABCDE is bounded in the direction parallel
to the wind by the two atraxght lines AB and ED.! To the lee and windward,
it is bounded by two curves, AE and BCD, whose expressions will be derived
later.

When the ejection of the agent is instantaneous, surface ABCDE re-
duces to a thin, cigar-shaped pattern whose width is controlled by the dif-
fusion. This limiting area is the isopleth from a point source ejected at
altitude H.%

Figure 3 shows that the distribution of the agent on the ground has
several undesirable features. - First the distributien is uneven in the wind
direction, as illustrated by the peak of a vertical section such as END.

Thie is due to the distribution of drop size from the ejection system. Seccond,
lAgam neglecting diffusion. Diffusion causes these lines to bulge very
slightly outward (see Fig. 12 of the Porton paper).

zTheoe isopleths have been calculated and appear in ARF Report D086,
RDO No. 555-871-SR 12, Design Parameters [or Special Warhead for Guided
Missiles, SECRET.
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tiue distribution is uneven in the crosswind direction as illustrated vy the
slopc of a line such as MN. ‘L'his is due to the decrease in altitude ol ihe
rocket during cjection. ‘Lhird, the Loundaries uf .he area recsiving ihe-
coacen ation L., are irregular, requring that the individual areas bLe
overlapped in order to cover an extensive target area. An idcal ground dis-
persion should be represented by a horizontal sucface with vertical sides.
Let us now determine the length in the wind direction of the pattern
of contamination corrzsponding to the ejectiun of a logarithmic distribution.
Expression 10 given carlier represents the linear coverage in the wind di-

rection. Along a thin strip of width dw, the area coverage is

A= m
o &1
The width Jw corresponds to the elemental time &t of the rocket flight.

Ow = vt cos 0 sin @ (1)

where v is the terminal velocity of the rocket. This appears clearly on
Fig 1 Also
om = R3t
where R is the rate at which the agent is ejected.
Therefore 2
Ax R § exp -(log x/xO)
'\[27,_. v cos Q sin Z(rz

The variations of , with altitude H are obtained by replaincg Xo in Eq. 12
}Jy WH
Xo = 3780 4, (13

o]

(12)

The downwind boundaries of the area subjected to density A, are
obtained by solving Eq. 12 (or H
3780 do X 2 R
H= —g— expP +, /247 log —— (14)
‘. '\/27’ o

v cos @ gin ¢ Ao X

This gives the expression of the two curves AE and BCD on Fig. 3 referred

to axis OY.7 A plot of Eq. 14 for arbitrary values of the parameters appears
in Fig. 4. As expected, when H=0, the two boundaries xl' and XZ are zero.
This corresponds to the case where the agent is ejected near the ground, that
is, where all the agent is concentrated over a sinall distance. As H increases,
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the boundaries diverge and the length of the contaminated area increases.
When X reaches a value such that the logarithm in Eq. 14 becomes zero,
the two boundaries again merge. This corresponds to point B on the figure.
The highest altitude of release, (point C) giving a ground density a,
is given by
SH g
IX, 2

o
g = 3780 cg R e

max v21." v coe Q sin P 4, a

This corresponds to the case where the altitude of ejection is so high that

(15)

the agent is now spread over a large distance and the contamination nowhere
reaches the desired value.

It appears immediately that the agent is most effectively used when it
is ejected around a mean altitude, H.. for which the length, L, of the con-
tamination pattern on the ground:

L:XZ-Xl

is greatest. This is the point where the slopes of the two boundaries in Fig.4
have the same value

However, this equality leads to a transcendental function which cannot be
solved formally. While the most efficient altitude might be computed for
each combination of parameters, it is desirable to have an analytical expres-
sion of Ho' even approximate, in order to investigate further the relation-
ship between all design parameters.

An approximate expression of Ho can be obtained by taking the ordi-
nate for which the slope of the far boundary in Fig. 4, that is, the slope of
the curve at point B is infinite. The validity of this approximation appears
immediately by observing Fig. 5. This figure reproduces, as does Fig. 4,
the variations of Eq. 14, that is, the boundaries of the contaminated zone
as a function of altitude for three different values of the wind velocity, W,
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It appears immediately that the approximation on Ho is good when
W is large; poor, when W is low. However, in the latter case, the graph
shows that even large variations in the altitude of release do not seriously
affect the length of the contaminated area. Since our chief interest here is
to obtain the length of contamination, we feel justified in using the proposed
approximation of Ho.

The value of B in

3780 d

S R (18)

VZ-F.;—V cos O sin P o,

indicating that the optimum height of release decreases as the wind velocity,

W, increases. This result is in agreement with the Porton observation
(Porton Paper 538, p. 3) and the graphical results of Fig. 5.

The lgngtﬂ, L, of the contaminated area when the agent is released
arounc the mean altitude H o

L=X,-X

2 1
is ouiaiued by combining Eqs. 18 and 14 to obtain

WH, |, _-20%

Lo =m0 —9— (19)

o

2. Individual Area Coverage

By combining Eq. 5 giving the width (crosswind) of the contaminated
pattern, Eq. 19 giving its optimum length (downwind) as well as Eq. 18 we
now express the area covered by a single rocket

2
-2¢*

a=wlL= Q (l-e ) (20)
% Verr o

The area depends only on Q, the quantity of agent carried by the
rocket and is inversely proportional to a,. the desired dosage on the ground.

Area A varies in some complicated fashion with g, the standard de-
viation of the logarithmic mass distribution of the drops ejected from the
rocket. This is not unexpected: if all the agent were ejected in drops of the
same diameter, the contaminated area would be small since all the drops
would fall on the same point on the ground. Conversely, if the drop size
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covered a very wide range, the agent would drift over a large area, the
over-all contamination would be low and the area subjected to density &,
again would be small. o
The optimum value of ¢ is obtained by equating
J (l -e " 2a-z\
oo a ’
which gives approxima:ely:

=0 (21)

o=0.80

This value is twice as large as tha: observed experimentally in the
case of the British 25 pounder. In other words, the efficacy of the British
weapon or of a progressive logarithmic ejection system may be increased
by about 20 per cent by increasing the spread of the drop sizes.

The following table compares the areas of the individual contamina-
tion patterns given by instantaneous ejection.' as reported in the Porton
Paper, and calculated from Eq. 20, for two values of ¢

Table 3
AREAS COVERED BY THE INSTANTANEOUS
AND PROGRESSIVE EJECTION OF 585 GRAMS OF AGENT

i r
Area Covered (m_)
Density Porton Data quation

g/ mz (instantaneous ejection) (progressive ejection)
=040 o-=0.80
0.1 1463 1580 1900
0.5 170 (extrap) 790 950
1.0 Negligible 158 190

The advantage of the progressive ejection systoem is particularly
significant at the highest values of the density.

We shall see later that, by using the inverse square law distribution,
the results of the last column are multiplied by a factor of 3.
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D, Covera age When the Drop Sizes Are Distributed Accordmg_
to the Inverse Square Law

In this simple case, the density of the agent on the ground is ﬁnitorm.
From considerations similar to those in the case of the logarithmic distribu-
tion, the downwind length of the contaminated area is found to be

L - e ) 22)

where ds and de are the limiting values of the drop diameters at the
small and large end of the distribution,
In order to obtain the density Ao cn the ground, the height, H ,

o
" and rate, Ro’ of ejection must satisfy

R w on cos 0 sin [ 4
L ) (22)

By increasing the rate and height of cjection by the same ratio, the
length of the pattern is extended in the wind direction and its width, cross-
wind, correspondingly reduced.

As the rocket falls to the grourd, its altitude H decreases as

Ht = Ho-vt 8in0

and the rate of ejection must therefore be reduced as
_ vt 8in0
R, = R_(I - e ) (23}
in order to maintain Ao at its initial value,

The gaound coverage is, of course
a = "AQ‘
o

when the rate of ejection is decreased according to Eq. 23. Comparison
with Eq. 20 shows that this area is mcre than 3 times larger than the area
obtained when the agent is ejected to produce a logarithmic mass distribution
of drops.

E. Variations in the Shape of the Pattern of Contamination

Referring once more to Eq. 23 giving the area contaminated by a

single rocket, using a progreessive ejection, wa observe that the shape ot

the pattern; that is the ratio;
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can be modified by altering the rate of ejection, R. For instance, the length
of the pattern increases with a rise in R (see Eq. 19). Raising R decreases
the duration of ejection of a mass Q of agent, This, in turn, causes the
width of the pattern to be reduced, the area remaining constant, When R

is altered, the sptimum aititude of ejection must also be modified as indicated
by Eq. 18. In other words, the pattern may be made to extend in the

wind direction by increasing R and Ho in the same ratio. The pattern

may be made to extend in a crosswind direction by lowering R and Ho.

This conclusion is readily visualized by inspection of Fig. 6. This
figure shows the boundaries on the ground of two contaminated areas obtained
from a rocket aimed at point 0. The two curves were obtained by plotting
the values of X from Eq. 13 in abscissa and the instantaneous crosswind
polition of the rocket,

Y = vt cos@ sin {
as it .:1._ to the ground, in ordinate,

In curve 2, the rate of ejection is three times that in curve 1; the
optimum altitude of release is three times that in curve 1. Since R is
threc times as large, the time during which the agent is released, and,
consequently, the width of the contaminated area shown by crosshatching is
correspondingly reduced, Thus, we may obtain at will a long and narrow
pattern as in curve 2, or a broad and short pattern, as in curve 1, a flexibil-
ity which is not available in the instantaneous release system.

F.  Conclusions

It will be seen in Part VI that the coverage of large areas by a given
number of rokcets is determined chiefly by the size of the contamination
pattern of the rocket, Modification of the other parameters at our disposal
affe~ts only slightly the coverage.

 Therefore, the greatest opportunity to increase the efficicncy of the
system consists in developing an ejection mechaniam whose performance is
as close as possible that of the {deal system described in section D, In
other words, the most fruitful line of approach would include either of the
following steps, listec in the order of their potential gains:
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1. Design a progressive ejection system giving a mass distribution
as close as possible to the theoretical distribution '

5m=-§ Sm

2. Failing this, replace the instantaneous base ejection system by
a system releasing the agent over a finite period of time.

3. Failing this, Lroaden the logarithmic by raising the drop mass
deviation from 0.40 to 0. 80. |
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VI. GROUND COVERAGE OF EXTENDED AREAS

A, Introduction

The blanketing of a large area requires that many rockets be fired.
The inevitable variations of ballistic parameters cause the position of the
individual contamination patterns to shift from the aiming points. Some
areas on the ground may thus be within two or more contamination patterns
while others receive little or no agent. The closer the aiming points, i.e.,
the more the individual patterns overlap, the lesser the probability that any
one point on the ground will escape contamination but the greater, the ex-
penditure in material and manpower.

_ Before calculating the over-all '"coverage' of the target, this concept
of coverage must be defined more precisely. To do so, consider the two
simplified examples illustrated schematically in Fig. 7). The first corres-
ponds to an individual pattern of uniform density, &, on the ground repre-
sented by the step function ABCD. Assume, for the sake of simplicity, that
the dist-.nre between aiming points is equal to the length AD of the pattern in
the direction considered on the Fig. 7. . Due to the dispersion of the rockets,
some patterns will overlap, causing areas to receive a dosage 2A, while
some other areas totally excape contamination. The extent of these "un-
covered' areas depends on the dispersion of the patterns.

Consider now the case of an individual pattern such that the density
increases progressively from the edges of the pattern to the ceiiter. This is
represented in Fig. 7 by A'B'C'D'. A small displacement of one pattern
rclative to its neighbor now results in the appearance of relatively large
areas receiving a contamination less than A but greater than zero,

Comparison of the examples shows that the identical dispersion of
the two patterns results, in the first ca;e. in small areas of zero contamina-
tion; in the second case, in larger areas covered by less than the desired
densities.

Should we then conclude that the coverage in the firet case is "better"
than that in the second case? From a practical standpoint, should we prefer,
after a CW attack, to be faced by a small number of men with unimpeded
fighting potential (neglecting psychological eftects) or by a larger number of
men incapacitated to a greater or leuser degree ? This question cannot, of
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course, be answered without considering the quantitative variations of in-
capacitation as function of dosage. The concept of coverage based exclu-

contamination alone appears to be deficient,

Since a comprehensive definition is unavailable, we shall have to
consider the fractional coverage as the ratio:

area receiving a contamination equal or greater than Ao
total target area ;

This, in turn, introduces a new difficulty, due to our ignorinée of

- the distribution of the agent within the individucal pattern of contamination.

Th s ground distribution is deterrmined by the mass distribution of the drops
ejected from the rocket. In other words, rockets of equal size and identi-
cal dispersion, aimed at the same points will give different coverages de-
pending upon the characteristics of the ejection system. Each ejection sys-
tem leads to a different mathematical expression of the coverage and to a
different way of computing it. Thus, no general expression of the coverage,
as defi~.~ 2bove, can be given as a function of the mass distribution F(d)Jd.

Therefore, it will be assumed in the following that the individual pat-
terns of contamination on the ground are step functions such as represented
in (a) of Fig. 7.. This particular case corresponds exactly to the ideal ejec-
tion system having the drop distribution

Sm==% Sd
"rE

and giving a step function on the ground. In other cases, such as that of the
British logarithmic system, the density gradient

#
along the edges of the pattern is not infinite and the actuval coverage may be

 expacted to be slightly higher than the values corresponding to the ideal
system.,

B. Area Coverage
1, Crogs and Downwind Dispersion

Let ¢, and - be the range and lateral dispersions of a rocket
aimed at a point 0 (Fig. 8),. Let @ be the angle between the plane of flight
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of the rocket and the wind direction. The crosswing ii:j rs 1. - it
2 2 2 2 .
d—i = a-é cos ¢ + T SInZP (‘24)

and the downwind dispersion, & . 2

a--z2 = q-ez sinzf "'a'zz <:t:»sz P- (25)
The dispersions of the pattern are also affected L, the neight at which
the ejection of the agent begins. The mechanism (proximity fuze, for in-
stance) controlling the ejection has itself & dispersion, ot Referring to
Fig. 1, we see that a variation 7 along AB appears as a crosswind devia-
tio~ of

a7 cos 0 sin e . (26)
and a downwind dispersion of

o7 €08 @ cos (p , (27)

The dispersion due to the fuze and to errors in flight are independent.
Therecfore:

2 2 2, 2. . 2 2 2 . 2
T} T e CO8TF+ gy sinT ¢ 4y cos” O sinT

(28)

3 2

: 2 2 2 2 2
T2 % e lmz9+ o, cos ? +<7-f cos

0 sin @

Both Ce and oy are functions of the range; 7gis a functicn of the altitude
of release.

2. The Coverage Function

Consider the individual area of contamination produced by one of the
rockets., This area is centered at a point M and extends a distance
ry L,/2 ina crosswind direction; ¥+ L,/2 in a downwind direction. The de-
viations of M around a mean point is given by the cross and downwind dis-
persions in Eq. 28. Let

dl and cl2 = distances between aiming points in the cross
and downwind directions

x and y = deviations of M (rom the mean in the crosas
and downwind directions.

Let further consider .. point P of zoordinate ¥ and n on the target (Fig. 9 ).
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The probability that point P is covered by the contamination pattern
of rocket (i, j) centered at point M (idl’ jdz) is:

i 1
Pi(gy ) =

an o ‘V;—__':Z'

+ldz+—z—/§+_]d T—.—.
2 2
1 (x +'12"

- I ‘2
)’)* ld —z— "l’ jd T
where
- €OV, ({x, y) (30)
7T

The probability that P is not covered is

The probability that P is not covered by the pattern of any rocket is

Q(Z. n) -'ﬂ" TTQ {&m (32)

i=-00 j=-o0
assuming for the moment that the target is infinite, that is, that the i and
j's assume all integral values.
The target coverage, T" , is then

=1-% g mdss
T=1 A{/Q( n n (33)

3. Interpretation of the Coverage Function

Equation 33 is not readily amenable to cownputation becausc it contains
too many independent variables, namely the two distances dl and d2 between
aiming points, the dispersions Tew and Tadw’ the cross and downwind dimen-
sions I..l and Lz of the individual area of contamination, the angle of be-
tween line of fire and wind direction and, in the case of finite targets, the
size and shape of the l.tter.
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We must remember, however, that this expression represents a
mathematical model of a system about which little is known. If and when a
practical progressive ejection system is realized, its performance will un-
doubtedly be found to differ somewhat from the model, due to the effect of
parameters difficult or impossibie to estimate correctly.

In such a situation, it is idle to devote too much effort in attempting
a ri&orouu analysis of tht mathematical model. It is preferable to simplify
the model so that it yields the greatest amount of practical information.

Such a simplified model is valuable in outlicing the general characteristics

of the system and providing a starting point for research and development.

As 2xperimental data becomes available, the basic model may be refined to
approach the actual system.

Returning to Eqs. 33 and 29, we notice that the presence of the cor-
relation coefficient in the probability integrals makes it extremely difficult
to compute and present the values of T'. However, we observe, from Eq. 28,
that this coefficient vanishes when # = 0 or ¢ =7/2, that is, when the line
of fire is ;uv >llel or perpendicular to the wind direction. The correlation
coefficient reaches a maximum for £ = /4 but its value is still small (< 0.09)
relative to 1 for typical values of g O3 and 0% obtained from ballistic
tables, It is not possible to indicate, at this point, the magnitude of the
errors on I' made by neglecting r for ¢ = ¥/4, but it is believed that these
errors are small. Therefore, we shall assume that the coverage may be

represented by

2

roy .} [ R S Sx Sy|FEdn (34)

] wrf e [ s
A

This simnplified expression, from Eq. 33 by making r =0 is exact for
#=0 or #= /2 and may be slightly in error for intermediate values of &.

4. Pattern Shape and Disposition of Aiming Points

The two integrals within the brackets in Eq. 34 depend on the shape
(Ll' Lz) of the pattern and -on the disposition of the aiming points (dl' dz).
We indicated earlier that the shape of the pattern (the length/width ratio)
couid be modified at will be adjusting the rate and height of ejection (see
Fig.€). The dispesition of the aiming points, i.e., the value of d, /cl2
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for a given firing denoity is, of course, arbitrary. We may well ask, at
this point, whether there exists a combination of L /l..z ‘and d /d which
would maximize the coverage. -

This question can be simply answered in the particular case where
q‘l = 0'5.

Let us digress for a moment to examine the value of these disper-
sions. The range and ballistic dispersions of the 4, 4-1/2-inch and Honest
John rockets have been plotted as a function of the relative range in Fig. 10,
The points are well lined up, indicating that the dispersions are independent
of the size of the rocket. At 90 per cent of the range, the OF = g, At
this relative range, therefore the cross and downwind dispersions of the
patiern also are equal, as indicated by Eq. 28.

Returning to the coverage function Eq. 34, we observe that cither
integral within the bracket vanishes when L, or L, = 0. By reasons of
symmetry and from considerations of marginal increases of these integrals,
it can be shown that the product of the two integrals is maximum when

t"

L. 5
L,

If 0 = 0 then l..l =L, and, by a similar reasoning, wc find that
dl must equal dz in order to maximize the product. This, in turn, maxi-
mizes the coverage function .

Taus, when the rockets are fired at 90 per cent of their maximum
range, the patterns should be square and the aiming points, equidistant in
order to obtair the maximum coverage.

Now, in covering 2 large area, the firing range will generally vary,
Thus, theoretically at least, the shape of the patterns and the grid pattern
of aiming points should vary from point to point on the target in order to
obtain a constant, optimum value of the coverage throughonut the target.

Thus, again, practically every rocket should have a different fuze setting
and different adjustment of the ejection rate. The aiming points would have
to be disposed on a complicated system of intersecting lines determined by
the range.

It appears prefcrable to design a universal system having its optimum
pelrtorm‘ance at a predetrrmined rarge. The gains in time and convenience
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under combat conditions should more than compensate for the slight decrease
in efficiency.

Selection of the rénge for which =0 offers obvious adva:nlages
in further discussing the coverage function. This range (90 per cent of
maximum range) was selected although it may not be truly representative
of the range encountered in tactical situations. We shall show later that the
coverage is not seriously affected for other ranges and that our selection
is valid, ’

5. Values of the Coverags_

The coverage function (Eq. 24) was computed for the particular case
described above, i.e., when

= 72
4, - 4,
L =L,

The values of [, the expected coverage appear in Fig. 11 as a function of
d/e- and _,.-.

Thus, for instance, if the distance bYetween aiming points in 34 yards
and if each rocket gives a square contamination whose side equals 34 yards,
then '

in the particular case where the two pattern deviations are equal to 68 yards
(90 per cent of range). The coverage is found to be 63 per cent. Again,
suppuse that 90 per cent coverage is desired. With the above-mentiuned
rocket, the distance between aiming points must be about 23 yards.

C. Discussion

If the ratio L/d is kept constant, that is, if the firing density remains
the same, the coverage increases with L. This appears clearly in Fig. 12,
derived from Fig. 1l by plotting L/d as a function of L/ and I". In other
words, the coverage is improved by increasing the size of the contamination
pattern, that is, the amount of agent carried in the rocket, Expressed dif-
ferently, better coverage is obtained by firing a few large rockets than by
fthany small ones, the cuantity of ugent remaining the same. It is assumed,
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of course, that the ballistic and fuze dispersions are not affected by the size
of the rocket. ’

For instance, if L is increased by a factor of 2 (points A a:r;d B on
Fig. 12), that is, if the payload of the rocket is increased by a factor of 4,
the coverage increases from 65 to 66 per cent. Increasing the payload by a
factor of 16 (point c) raises the coverage to 7lper cent.

Inspection of the Fig. 12 shows that the gain in coverage is significant
only in the region about point M where the slope of the L/d curves is great-
est. This corresponds to cases where a) L/¢- is large and b) L/d is
small. We shall see later that, for practical sizex of rockets, L/o is large
(say L/0" >2) only when the desired contamination deasity on the ground is
relatively small (say 4, = 0.1t00.3 g/mz). Substantial improvements in
coverage can be achieved only when (a) relatively low levels of contamina-
tion and (b) relatively low values of coverage (say around 50 per cent} are
considered to be adequate. The coverage can be appreciably increased only
by drastically increasing the size of the rocket. Therefore, except in the
case mentior.:? above, the sizc of the rocket is not critical and will have to
be determined on the basis of logistic consicerations, . ..~

By the same token, if L/d remains constant, the coverage is increased
when ¢ is decreased. In other words, if the ballistic or fuze dispersiohsl
are improved, the area coverage, I, will increase. This corclusion is in-
tuitively evident; better placement of the contamination patterns within the
target area should reduce the overlapping of patterns and increase the coverage.

Ag2in we notice that the effects of 6~ on the coverage are very slight
when (a) the pattern of each rocket is small and/or (b) the over-all coverage
is high, Therefore, in this case, the coverage will not be significantly de-
creased if 0" is indefinitely increased, that is, if the rockets are fired at
random throughout the target area. Thus we conclude that the time and ef-
forts required to plot the aiming points, compute the elevation and traverse
of the launcher and so on, may be eliminated at the expense of only a very
slight decrease in over-all coverage on target.

lEiquationu 28 show that the pattern dispersion decreases with
'Fn re 0!' qo
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The coverage function thus shows that the target coverage is deter-
mined mainly by the firing density, that is, by the amount of agent directed
at the target. The coverage is not significantly affected by the size dis- |
pversions of the rockets when the firing density is kept constant.
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VIL, DESIGN PARAMETERS

A, Introductigﬂ

In Section V and VI we developsd a number of basic relaticnships
between the parameters of the system, It appears desirable, at this point,
to leave pure speculation and examine a concrete example,

Since the number of independent variables involved in the complex
system is high, the numerical example can be kept to manageable proportions
only by assigning arbitrary values to some of these variables. While the
example may not be truly universal, it will give an incight to the practical
possibilities,

Two groups of rockets are considered in our example -- the first
includes low drag rockets with relatively high terminal velocities and low
impact angles, The ballistics characteristics of these rockets were computed
using available flight and wind tunnel data. We assumed that the agent was
ejected progressively from the rocket during the last few instants of flight,
through an ejection system giving either a logarithmic distribution of drop
size simjlar to that of the British 25 pounder or a distribution obeying the
ideal inverse square law, In the second case, we assumed further that the
limiting sizes of droplets were 75 and 150 microns.

We further assumed that the wind speed was 3.6 km/hr, that the wind
direciion made an angle of 45 degrees with the firing direction, and that tte
desired ground contamination density was one g/mz. We shall indicate how
this specific example can be extended to other values of these parameters
by very simple traustormations of the tables, While this method may be
considered somewhat unorthodox, it offers the advantage to present at a
glance, in a simple manner, a great deal of numerical data and relationships
which would be very cumbersome to present formally,

The results appear in Tables 4 to 6, The first five lines give the
diameter, weight, terminal velocity, angle of impact of, and the mass of
agent carried by the rocket. The mass, Q, was estimated from the payload
of the rocket, taking into consideration the possible weight and volume of the
ejection system, Five rocket sizes are concidered in each table, Sizes
smaller than 4 inches were not conridered because the payload becomes
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exceedingly small, while sizes larger than 8 inches were similarly neglected
because such rockets require heavy launcher and ha.ndling’equipment.

Line 6 in the tables lists three possible altitudes, H,, for initiating
the release of the agent. The selection of this altitude, H,» is limited,
If it is tuo low, the agent may not be completely ejected when the rocket
hits the ground. We recall that the rate of ejection is determined by the
altitude of release, Ii H, is too high, the ejection rate increases rapidly
to unmanageable values, By trial and errors, a value of H, corresponding
approximately to the lowest practical value was computed and appears in the
first column of each rocket size, This value was sclected in such a way that
the ¢ _ection ceased when the altitude was about 50 m, that is, about twice the
fuze deviation,

Line 7 gives the downwind length, l‘o’ of the contaminated pattern

at dosage and altitude, Ho. As expected the Lo'- obtained with the logarithmic
ejection mechanism are shorter than those corresponding to the perfect system,

Line 8 gives the initial rate of ejection R  in kg/sec. The rate is
controlled wi'rn. A ° and H_ are fixed and is given by Eqs. 18 and 22,

~ Line 9 gives the time of fall t, ol the rocket from altitude, H,
to the altitude zero,

Line 10 .gives ‘the t.i_me. Ut during which the ejec-
tion takes place. We mentioned earlier that the rate of
ejection had to be proportional td> the.a'titude of the
rocket in order to obtain the most efficient distribution of the agent on the
ground, As the rocket falls to the ground, its altitude at time, t, is

H = H - vt 8sin 0
[ [+

-and the rate of ejection must be

l-wtsind
R, = R, © "!T""']

o

During 8t, the quantity of agent ejected is

6q = Rtbt
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At the end of ejection, the integral of 6q mus? equal the quantity, Q, of
agent initially present in the rocket: ’

t
Q=/°Rt6t

after suitable manipulation, the time of ejection is found to given by

H
. 2Q in0
R L S

- The width of the pattern in the crosswind direction is given in line 11,
This is the projectior of the velocity vector in the crosewind direction
multiplied by the time of ejection:

w = v cos0s: -

PN |

Line 12 gives the final altitude, Hf, at which ejection ceases:

!-If = Ho - v’.e sin O

As the altitude decreases, the length (cownwird) of the pattern
decreases, The pattern on the ground is therefore traperoidal with the twe
parallel sides in the wind directinn. Linre 13 gives the mean downwind length

is

of the pattern, The mean length, Lm,

H
_ Lo , {
L = —— ‘l-.“:)

Line 14 gives the ratio Lm/w. This is a figure of merit of the
regularity of the pattern, A figure greater thar. 1 indicates that the contam-

inated area has its greatest length in the wind directic.,
The last line gives the area of the contaminated pattern:

a = wlL
m
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The area 9!’ the patiernsobtained with ideal ejection system is, as expected,
equal to ’

RS
Since the agent is distributed uniformly on the ground, the areas obtained

with the logarithmic system differ from the preceding by a factor of 0, 275,
This is the value of term

l - - ZOZ
J 2T o
as inldicated in Eq. 20,

B, Interpretation

Inspection of the tables indicate that the parameters relative to the
release of the agent (rate and time of ejection) are not modified whether the
logarithmic or ideal system is used, Only the lengths of the pattern in the
downwind di‘-:c’'on are altered. The less uniform the distribution on the
ground, (th2 greatest the departure of the mass distribution of the steps from
the universe square law), the smaller the length of the pattern in the down-
wind direction, Consequently, Tables 4 and 5 differ only by lines 7, 13, 14,
and 15. For this reason, the table corresponding the low drag rocket with a
logarithmic ejection system has not been included here., It can be easily
derived from Table 6. Minute differences between Tables 4 and 5 stem from
the fact that this similarity was recognized only after computation of these
tavics.

All results in Tables 4 to & werce obtained by assuming that the density
of contamination is Ao =1 g/mz. These tables are still valid for any other
density, Al’ provided that some simple modifications are introduced,
These modifications appear immediately by inspection of the formulas given
in Section V. They consist in multiplying lines 6, 7, 9, 10, 11, 12, and 13
by ml; by dividing line 8 by m; by multiplying line 15 by Ao/ Al;
and by leaving line 14 unchanged.
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Thus, to obtain the ejection parameters corresponding to a ground
density of Al = 0,1 g/mz, the height of ejectian must be multiplied by
3. 15; the rate of ejection becomes smaller bv a factor of 3.15, the mean
length and width of the pattern are both multiplied by 3.15, and the area
becomes 10 times larger than the area for Ao = 1 g/m2,

Comparison of Tables 4 and 8 shows that the minimum altitude of
ejection is considerably decreased by using low drag rockets, This is due
p: tly to the smaller angle of impact, partly to the higher terminal velocity
of these rockets., Consequently, much more regular patterns (lower Lm/w)
are obtained by using the low drag rockets,

However, these rockets require higher ejection rates which may
introduce difficulties in designing a practical ejection mechanism,. These
difficulties should be minimized in the case where it 18 desired to obtain
only low values of contamination on the ground,

It was pointed out earlier in the particular case where the rockets
arefired at 90 per cent of their range, that the down and crosswind dimensions
of the contamination pattern had to be similar. Therefore, in order to
optimize the coverage over a large target, low drag rockets should prefer-
ably be used,

It is realized that, in covering very largs targets, the range may vary
considerably. Theoretically the shape of the individual patterns should be
varied so as to match the pattern with the local down and crosswind disper-
sions, This would require that the altitude of release, Ho, and the rate of
releare. Ru. be adjurted for each range. This solution does not appear (v
be practical under coinbat conditions. It appears preferable to design the
ejection system around the set of conditions corresponding to the mean
range likely to be encountered in a tactical situation, We do not beliave that
the decrease in coverage resulting from the mismatching betweern patterns
and deviations at extreme ranges would be significant,

We indicated in Section VI that the overall coverage was somewhat
improved by decreasing the relative overlanpping of the patterns, This was
accomplished by increcasing the dimensions of the individual pattern relative to
the dispersions on the ground., In other words, the coverage was slightly
improved by using fewer, larger rockets instead of many small ones, the
quantity of agent remaining the same,
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We may now examine the results in Tables 4 to 8 with respect to the
influence of the size of the rocket on the ejection parameters,

We first observe that the size of the rocket does not appear to affect
the lowest value of Lm/w. In this respect, at least, all mizes are equally
efficient. We then see that as the size increases the rate of ejection also
increases, However, Ra does not increase as fast as the quantity of agent '
carried. In other words, (%e ejection system for the largest rockets is
likely to be less bulky and heavy, in relation to the quantity of agent. Further-
more, the payload of larger rockets is considerably larger when compared
to the total weight of the rocket. This is illustrated in Table 7, giving the
number and weight of rockets to blanket an area of 3 x 106 m? at a density
of one g/mz.

Table 7
NUMBER AND WEIGHT OF ROCKETS REQUIRED
TO COVER A 3.10° m? AREA
Inverse Square Logarithmic
Number  Weight, 1b Number — Weight, 1b
8-inch Rockets 64 22,000 250 *86, 000
4-1/2-inch Rockets 1000 80, 000 3800 300, 00

The saving in weight, using the larger rocket, is considerable, However,
no considerations erc taken here of the weight of auxilliary equipment, such
as launchers or rocket handling devices, Furthermore, we indicated that
the given values of coverage applied only to infinite targets. When the number
of rockets fired at the target falls to about 16, the coverage beginz to decrease
and can be maintained to its desired value only by increasing the density of the
aiming points,

Thus, if the specified target (3% 106 mz) 18 about square and a contam:nation of
0.1 g/mzil dosired, only twenty-five 8-inch logarithmic rockets arc required, five in either
direction. The 8-inch rocket appears to represent the largast size to be used
under these conditions, If, howevnar, the target is likely to have a miniraum
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dimension of, say 300 m, then smaller rockets should be used to conscrve
the versatility of the weapon in various tactical situations. The following
table suggests the preferred rocket sizes detcrmined along the preceding

considerations

Table t}_
PREFERRED SIZE OF ROCKET FOR LARGE AREA COVERAGE

Desired Logarithmic Ideal
Contaminatjon Density Ejection System . Ejection System
(g/m°) (inch) (inch)
0. 1 4' 1/2 4
1.0. 7 5

The results on Table 6 to 8 were calculated for an arbitrary value of W,

the wind velocity. We suspect that at higher wind speeds, the contamination
pattern will become longer in the wind direction. It is not possible, as in the
caseof &, to give a simple correction factor to obtain the ejection param-
eter  .corresponding to a wind speed, wl. It is possible, however, to obtain
a goorl approximation by multiplying lines 7, 8, and 13 by VVVTW—O;
dividing iines 6, 9, 10, 11, and 12 by //W /W _; multiplying linc 14 by
wl/wo and leaving line 15 unchanged, Thus, the optimum height of ejection
should be halved when the wind speed is

W, = 4x3.6 = 144 km/hr,

and the rate of ejection should be doubled. The pattern will become twice as
long and half as wide as the original pattern, '
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Vill. EJECTION SYSTEMS

A, Pressure Ejection T}iro_ugh Rocket Head

The ejection system must discharge the agent at the proper raite,
and produce the correct distribution of droplet sizes to give uniform density
of agent on the ground. To obtain a uniform distribution of agent on the
ground, the mass distribution of droplets must satisfy an inverse square law

- K
6m--—c-l-z—6d

The ejection rate must be about 200 lbs/sec for the &-inch rccket. This
might be accomplished by a piston actuated by gases generated from a
propellant compcsition., The propellant granulation would be one that would
form increaring surface as the propellant burned, i.e., a very progressively
burning shape. The rocket walls would be provided with tapered slots closad
by a membrane or plugs that would blow out at the correct liquid pressure,
When the piston exerts sufficient pressure on the liquid, the slots are opened
and the piston wiil move, As the piston moves, the slots are uncovered,

and propellant gases are vented to the atmosphere through the Lead of the
. rocket. Thus by proper selection of groove dimensions and propellant burn-
ing rate, the correct discharge of liquid may be maintained,

This system appears quite feasible, However, the problem is quite
complex and is not readily analyzed., The idea should be tested and the
design of such a device should be determined experimentally, Even when
the orifice or groove sizes are proper for the correct discharge rate, thesc
may result in the wiong particle size distributionfrom the moving rocket,
The number of grooves or orifices and their dimensions must be adjusted to
produce the desired particle sizes as well as the correct discharge rate,

The design of nozzles to produce large droplets cannot be determined by
analytical methods now, because we cannot define the mechanisms by which
the droplets are formed. The problem should yield to a logical experimental
approach,
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B. Double-Base Ejection

We indicated earlier that, to obtain a uniform distribution of the
agent on the ground, the mass distribution of the ejected droplets must

satisfy an inverse square law
sm = - 54
d

Realization of such a system is probably impossible, chiefly due to
the requirement for sharp cut-offs of the distribution at both low and hign
ends. It appears possible, however, to approximate the ideal distribution
by using two or more logarithmic ejeciion systems. This is illustrated in
Fig. 13 giving the ground density in a downwir.d direction produced by

three different ejection systems. The plain curve corresponds to the ground

density obtained with the single logarithmic distribution of the British 25

pounder. This distribution has the following characteristics:

dm= 170/1 , o= 0,40

The step tunction results from a drop distribution following the inverse

square law, The dashed curve was computed by assuming that the drop

distribution was the aggregate of two lcgarithmic functions properly selected.

These two functions were selected by trial and error to obtain the greatest
coverage and most uniform ground density. These two distributions were

found to have the following characteristics:

a} d. = 163 4, o =0.547
b) d = U, o

Eachdistribution was assumed to correspond to the ejection of 50 pecr cent

0.180

of the entire amount of agent contaired in the rocket,

All three systems invclve the same quantity of agent, that is; the
areas under each curve are identical. The duplex system gives a ground
density varying about the average. At some points the density is too low,
at other points, it is (00 high but the variations are minor and the agent is
much more uniformly distr:butcd as in the Porton curve, 7The right-hand
cut-off, corresponding to the amallest drops, is rcasonably sharp.
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Fig. 13 DUPLEX EJECTION
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By using three logarithmic diastributiong,there is little doubt that
the ideal drop function could be approached even more closely. —

At this stage, it is impossible to predict whether the mean diameter
and the diameter variance & can be arbitrarily selected, Probably, the
break-up of the largest droplets in the air stream will limit the mean
diameters. Fortunately, the influence of the distribution around the largest
diameters is not critical. Figure 13 shows that the ground density cut-off
ia always sharp at this point. We buolieve that a reasonably efficient ejection
system can be realized by combining two, or, at most, three logarithmic
distributions.
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IX, CONCLUSIONS

The desirability of a weapon system for covering large areas with
liquid sprayed from a rocket during its terminal flight is dependent upon
the development of a system for ejecting the agent from the warhead. The
base ejcction system in current use does not produce the optimum ground
contamination pattern. Ejection shoald take place over a finite time and
produce the correct drop size distribation for uniform ground contamination,
Information available at the present time does not permit an analytical
approach to the design of an ejection mechanism which will produce the
desired Adistribution of large droplets.

Large artillery rockets are more efficient vehicles for spraying large
areas with liquid drops than small rockets.
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X. RECOMMENDATIONS

It is recommended that additional time and effort be devoted to_the
study of systems for ejecting liquids from shells and roc ::ets to form large

droplets. This study should include well-planned experi:iental investigationz
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